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Influence of the level of hydration on the renal response to a protein
meal. Recent studies have suggested that the renal effects of high
protein intake could be mediated, at least in part, by vasopressin and/or
an increase in the urinary concentrating activity. The present study
investigated the influence of the level of hydration, and hence of the
activity of the concentrating process, on the renal response to an acute
oral protein load. Clearance studies were performed before (Control)
and during three hours after a protein meal (1.5 glkg body wt protein as
cooked meat) in ten healthy volunteers. This study was performed
twice at a two to three week interval under either constant low (LowH)
or high (HighH) hydration. In spite of the marked difference in initial
diuresis (3.1 0.3 in LowH vs. 13.9 0.7 mI/mm in HighH) and urine
osmolality (501 42 in LowH vs. 99 3 mOsm/kg H20 in HighH), a
similar relative decrease in urine flow rate was observed following the
meal in both conditions. TCH,o increased progressively by 70% in
LowH whereas CH,O decreased by 40% in HighH. Plasma vasopressin
showed a progressive increase with time in LowH (from 1.10 0.26 in
control, to 1.98 0.35 pg/mI at the third hour after the PM, P < 0.05)
but not in HighH (0.53 0.09 to 0.70 0.17 pg/mI). Glomerular
filtration rate (inulin clearance) increased significantly on the second
post-prandial hour under LowH but not under HighH. Excretions rates
of Na, Cl, K, and urea increased after the meal, however, not to the
same extent nor with the same time course in the two conditions.
Significant positive correlations were observed between GFR and
TCH,o, urine osmolality, or the ratio of urine-to-plasma urea concentra-
tions in LowH. These results suggest that the protein-induced hyper-
filtration is partially blunted by a high water intake, and hence is
dependent, directly or indirectly, on the urine concentrating activity.
Repeated solicitation of glomerular filtration rate (GFR) by
protein feeding is suspected to contribute to or to accelerate
glomerular sclerosis [1—5]. The mechanism by which protein
consumption increases renal hemodynamics is not well under-
stood. Most probably, several hormonal and metabolic factors
act in conjunction. Recent studies have provided evidence that,
in addition to previously proposed factors, vasopressin and/or
the increased activity of the urine concentrating process ob-
served on a high protein intake may also play a role in the
protein-induced changes in renal hemodynamics and hypertro-
phy. First, the pattern of kidney hypertrophy induced by high
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protein diet closely mimics that induced by the chronic stimu-
lation of urine concentration after vasopressin infusion or
reduction of water intake [6, 71. Second, vasopressin is neces-
sary for the full manifestation of the renal effects of a high
protein diet since these effects are weaker or even absent in
Brattleboro rats with hereditary diabetes insipidus, lacking
vasopressin [81.
Ingestion of cooked red meat as an acute protein load is
known to induce a transcient hyperfiltration and is commonly
used to quantify the so-called renal functional reserve [9—17].
This test is usually performed under copious hydration to allow
spontaneous voiding. Since the effects of chronic high protein
intake seem to depend, at least in part, on vasopressin and the
urine concentrating activity, the high diuresis imposed in acute
studies might alter the changes in renal function following
protein ingestion. The present study was therefore undertaken
in healthy volunteers to evaluate whether the degree of hydra-
tion, and thus a variable level of urinary concentrating activity,
could influence the renal response to an acute oral protein load.
Methods
Subjects
The study was performed in 10 healthy volunteers (5 males
and 5 females) aged 24 to 39 years (28.6 4.0 SE), weighing 53
to 80 kg (65.8 8.6) and weighing 159 to 182 cm (173.1 7.6).
They were all on free diet and were not taking any medication
before and during the study. They had no history of renal
disease, hypertension or diabetes, and were normotensive at
the time of the study (mean arterial blood pressure =82.0 0.9
mm Hg). Dipstick urinalysis was negative for blood and pro-
teins.
Methods
Each subject was given an oral protein load twice at a
two-to-three week interval in a randomized order on two
different conditions of hydration. The meals were weighed,
prepared and cooked in the Dietary Department. The day
preceding the study, 24-hour urine was collected (from 8:00
a.m. to 8:00 a.m.).
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General protocol
After overnight fasting, the subjects were submitted to one of
the hydration protocols described below and renal function
study was performed as follows: at 9:00 a.m., polyfructosan
(mutest®, Laevosan, Linz, Austria) and sodium para-aminohip-
purate (PAH: Nephrotest®, BA Gmbh, Lich, Germany) were
administered i.v. as a priming infusion of 30 mg/kg body wt
polyfructosan and 15 mg/kg body wt PAH made up to 120 ml
with mannitol 10% given at 10 mi/mm for 12 minutes. This was
followed by a sustaining infusion of 0.33 mg/kg body wt/min
polyfructosan and 0.25 mg/kg body wt/min PAH in mannitol
10% (1 mllmin, Braun Perfusor). After a 30-minute equilibration
period, urine was collected and discarded and two 45-minute
control periods were performed. At 11:00 a.m., the subjects
ingested, over 30 minutes, a meal containing 90 g (men) or 80 g
(women) protein as cooked red meat and completed to 1.5 g/kg
body wt protein with cheese and milk. Urine was collected,
blood samples were drawn, and blood pressure was measured
every hour during three hours from the beginning of the meal.
High hydration protocol (HighH). At 8:00 a.m. subjects
ingested 10 mi/kg body wt water, and at 9:00 a.m. another water
load of 7.5 mI/kg body wt to induce a maximal and sustained
water diuresis. At 10:00 a.m. and every 30 minutes thereafter,
subjects drank 5 mI/kg body wt water to sustain water diuresis.
Low hydration protocol (LowH). Two to three weeks before
or after the study performed in water diuresis state, the same
subjects underwent an identical oral protein load on low hydra-
tion conditions. The same i.v. infusions were given and the
same timing of urine collection and blood sampling was per-
formed but the first two oral water loads were omitted and, from
10:00 a.m. on, subjects drank every 30 minutes 0.5 ml/kg body
wt water (instead of 5 mI/kg body wt in the other protocol).
In both hydration protocols the water ingested was mineral
water containing 0.25 mmol/liter sodium, 0.075 mmol/liter chlo-
ride, 0.025 mmol/liter potassium.
Measurements
For each period of urine collection the following measure-
ments were made in plasma and urine: concentrations of
sodium and potassium (flame photometry, Instrumentation
Laboratory 243), chloride (coulometric titration, chloride titra-
tor, Radiometer®), creatinine (automated method with dialysis
adapted from Jaffé's reaction, Autoanalyzer Technicon®, AAI-
11) and urea (automated method with diacetylmonoxime, Au-
toanalyzer Technicon®, AAI-0l), osmolality (U0sm) (Fiske Os-
mometer®), polyfructosan and PAH (standard colorimetric
method on an Autoanalyzer Technicon®, AAI).
The following calculations were performed: osmolar (Csm)
and free water (CH,o) clearance, polyfructosan clearance as
GFR, PAH clearance (CPAH) as effective renal plasma flow
(RPF), creatinine clearance (Car), excretion rate of sodium
(UNaV), chloride (U1V), potassium (UKV), and urea (UreaV),
fractional tubular reabsorption of Na (FRNa), Cl (FR1), K
(FRK) and urea (FRurea).
Plasma arginine-vasopressin concentrations were measured
by radioimmunoassay as previously described [18, 19]. Detec-
tion limit was 0.1 /200 1, that is, 0.5 pg/ml of plasma.
Samples with AVP concentration less than the detection limit
were given a value of 0.5 pg/mI.
Statistics
Results are reported as means SE. Three sets of compari-
sons were made using Wilcoxon paired test: (i) comparison of
the two 24-hour urine collections obtained in the same subjects
before each study; (ii) comparison of control periods (means of
2 periods before the protein meal) and post-meal periods in the
two conditions of hydration; (iii) comparisons of post-meal
hours with control periods in each condition of hydration.
Significance was defined as a P value < 0.05.
Results
The results obtained on urine collected during the 24 hours
preceding each test showed no significant differences for urine
volume, osmolality, excretion of urea, Na, Cl, K, and creati-
nine, indicating that the subjects were in similar basal condi-
tions before each test.
Urinary flow rate, osmolality and free water clearance
The differences in water intake induced, as expected, marked
differences in urinary flow rate (V), urinary osmolality (Usm),
and free water clearance (CH2O) during control periods. In
contrast, osmolar clearance was not significantly affected in
spite of the wide difference in V (Fig. 1, Table 1). The protein
meal induced in both conditions of hydration a significant
decrease in V. At each period, V remained far higher in HighH
than in LowH but the relative decrease in V was similar in both
conditions. Usm increased significantly after the protein load
in both conditions of hydration, by up to 59 10% in HighH
and 43 12% in LowH at the third hour post-meal. C0
declined progressively after the meat meal in HighH (from 9.01
0.52 to 5.67 0.75 mllmin at the third hour post-meal, P <
0.01), and TCH20 increased in LowH (from 1.94 0.27 to 3.31
0.14 mI/mm, P = 0.005).
Urea
The different levels of diuresis did not affect urea excretion
rate or fractional urea reabsorption during the control periods
(Fig. 2, Table 1). After the meal, urea excretion increased
similarly in the two conditions of hydration and significantly
from the second hour (Fig. 2A). However, statistically signifi-
cant differences were apparent in what concerns fractional
reabsorption of urea. From almost identical values during
control periods (Table 1, Fig. 2B), FRrca decreased signifi-
cantly and regularly from the first to the third hour in HighH (by
13%), whereas it decreased later and less in LowH (by only
6.5%). This resulted in significant (P < 0.01) differences in
FRurea for each of the 3 post-meal hours in the two conditions
of hydration (Fig. 2B).
Urinary electrolytes
Table 1 shows the excretion rates and fractional reabsorption
of major electrolytes during control periods. Sodium and chlo-
ride excretion, and to a lesser degree potassium excretion
tended to be higher on LowH than on HighH (the difference
was significant only for Na). The fractional reabsorptions were
unaffected by the degree of hydration.
The results depicted in Figure 3 show that the hydration
status alters markedly the direction and/or time course of
changes in sodium, chloride and potassium handling by the
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Table 1. Water and solutes excretion during control periods in the
two conditions of hydration
C
E
E
HighH LowH P
V mI/mm 13.88 0.72 3.13 0.32 0.005
Uosm mOsm/kg 99 3 501 42 0.005
C0 mi/mm 4.88 0.26 5.06 0.19 NS
CM,o mi/mm
UNaV pmol/min
9.01 0.52
210 28
—1.94 0.27
262 23
_0.005
0.037
FRNa % 98.7 0.2 98.4 0.1 NS
U1V smol/min 180 24 231 23 NS
FR1 % 98.5 0.2 98.2 0.2 NS
UKV .tmol/min 79.8 10.5 87.6 6.8 NS
FRK % 82.0 2.1 80.1 1.4 NS
UraV ismol/min 299.8 23.8 293.5 19.7 NSFRa% 39.8 1.6 42.2± 0.7 NS
4
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B
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Abbreviations are: urinary flow rate (V), urinary osmolality (Uom),
osmolar clearance (Com), and free water clearance (CH2O), urinary
excretion of sodium (UNaV), chloride (U1V), potassium (UKV), and
urea (UUreaV), fractional reabsorption of sodium (FRNa), chloride
(FR1), potassium (FRK), and urea (FRura).
kidney after protein consumption. Concerning sodium (Fig.
3A), from the first to the third hour after the meal, UNaV rose
and FRNa declined with time in a parallel fashion in both
conditions of hydration. However, in LowH, an early tran-
scient and significant decrease in UNaV and increase in FRNa
preceded the changes seen in the second and third hour, thus
E resulting in a delayed response compared to HighH. As a result,
changes in both UNaV and FRNa were significantly different
between the two conditions of hydration on the first and second
post-meal hours.
In contrast to sodium, the direction of changes in chloride
handling after the meal was opposite during the two status of
hydration (Fig. 3B). U1V rose progressively and significantly
1
above pre-meal values in HighH, whereas it fell for the first two
hours and then remained fairly stable below pre-meal values in
LowH. FR1 showed correspondingly opposite changes. This
resulted in significant differences between the two conditions
for the changes in U1V and FR1 during all three post-meal
-2 hours.As for sodium, UKV rose and FRK fell after the meal and
these responses appeared earlier in HighH than in LowH (Fig.
3C). The increases in UKV reached significance at the third
E hour post-meal in both conditions of hydration (P < 0.05).
Because of large individual variations in HighH, the relatively
large difference in UKV between HighH and LowH ("'50% at 2
and at 3 hr) were not significant. With regard to FRK, it fell
during the second and third hour in HighH, whereas the fall was
delayed to the third hour in LowH and was preceded by a slight
and significant increase at two hours. This opposite evolution of
FR accounted for a significant difference between HighH and
Control 1 hr 2 hr 3 hr LowH at the second hour (P < 0.05).
Fig. 1. Urinary flow rate (V, A), urinary osmolality (U0,,,,, B), and free
water clearance (CH2O, C), during control period and three post-meal Renal hemodynamics
hours on HighH (open circles and scale on the left side of the graphs) .
and LowH condition (closed circles and scale on the right side of the Results concerning hemodynamic factors are shown in Figure
graphs). Differences between HighH and LowH: * p < 0.05, ** p < 4. In LowH, GFR, and PAH and creatinine clearances did not
0.01. Differences between post-meal hours and control period (1st, 2nd, vary in the first post-prandial hour. Both GFR and C were, at
and 3rd hour, respectively) were as follows.Vin HighH: P two hours, significantly higher than values observed in control
<0.05, P < 0.01. Uo,m in LowH: P < 0.05, NS, P < 0.05. CH in periods (P < 0.05). This increase remained significant for Cr at
HighH: P < 0.01, P < 0.05, P < 0.01. C20 in LowH: < o.os,2p < the third hour. The changes in CPAH following theprotein meal
0.05, P < 0.01. in LowH were not significant. In HighH, the changes in GFR
**
**
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Control 1 hr 2 hr 3 hr
Fig. 2. Urea excretion rate (U0V) and fractional reabsorption(FR,) during control period and three post-meal hours on HighH (0)
and LowH condition (•). Differences between HighH and LowH, *
<0.05, ** P < 0.01. Differences between post-meal hours and control
period (1st, 2nd, and 3rd hour, respectively) were as follows. UurV in
HighH: NS, P <0.01, P <0.01. UreaV in LowH: NS, P < 0.01, P <
0.01. FRura in HighH: NS, P < 0.01, P < 0.01. FRrea in LowH: NS,
P < 0.05, P < 0.05.
and C1,AH were not statistically significant and Cr increased
significantly only on the third hour (P < 0.01). Filtration
fraction did not change significantly after the protein meal in
either hydration condition.
The comparison between the two conditions of hydration
showed that GFR was significantly higher on LowH than on
HighH on the second hour (P = 0.01). A similar pattern was
observed for CI,AH, and C, although the differences did not
reach significance. However, as shown on Figure 5, the ratios
LowH/HighH for inulin, PAH and creatinine clearances were
all above unity at all time points of the study, and all rose
simultaneously during the second hour.
Comparison between creatinine and inulin clearances reveals
that creatinine overestimated GFR at all times. Moreover, this
overestimation was not constant. It amounted =10% in control
conditions and rose progressively to = 16% during the second
and third hour after the meal, in a similar fashion in both states
of hydration.
Possible relationships between GFR and several indices of
the urinary concentrating activity were evaluated after inges-
tion of the protein meal. In LowH condition, individual GFR
values observed in the ten subjects in the three post-meal hours
(N = 30 data points) were positively correlated with U0sm (r =
0.409, P < 0.05) and free water reabsorption (r 0.553, P <
0.002; Fig. 6), and with the ratio of urine to plasma urea
concentration (r = 0.514, P < 0.01). In HighH, a significant
correlation was found only with U0sm (r = 0.472, P < 0.01; Fig.
6).
Plasma composition
The different hydration protocols resulted, during the control
periods, in a significant (P < 0.05) difference in Osm (278.5
1.8 in HighH vs. 283.0 1.2 mOsm/kg H20 in LowH) and in
'DNa (136.0 0.6 vs. 137.7 0.5 mmol/liter), but not in Urca
(4.21 0.32 vs. 4.12 0.24 mmol/liter) (Fig. 7). After the
protein meal, Osm increased with time in both conditions of
hydration and remained significantly lower in HighH than in
LowH at the first two hours. Na showed no significant change
after the protein meal in LowH, but increased significantly in
HighH at the second and third hour. After the meal, there was
a significant difference in between the two states of
hydration at the first two hours. In contrast, post-meal changes
'Urea were exactly similar in both situations, showing a
progressive increase during the last two hours.
Plasma vasopressin
As expected, the two hydration protocols resulted in a
significant difference in AVP during control periods (0.53
0.09 vs. 1.10 0.26 pg/mI, P <0.01) (Fig. 8A). During the three
hours following the protein load, AVP remained significantly
lower in HighH than in LowH. However, in LowH but not in
HighH, a significant increase was observed during the second
and the third hour following the ingestion of the meal, leading to
an almost doubling of AVP compared to control value. AVp on
the third hour was 1.98 0.35 in LowH versus 0.70 0.17
pg/mi in HighH. It is of interest to note that the increase in AVp
observed after the meal was correlated with the simultaneous
increase in in LowH but not in HighH condition (Fig. 8B).
Discussion
Most of the studies published in the literature on protein-
induced hyperfiltration have been performed during sustained
hydration, to facilitate spontaneous voiding [9, 10, 13—17].
However, recent results, obtained in rats suggest that the renal
consequences of a high protein diet may, in part, depend on the
operation of the urinary concentrating mechanism [6—8]. The
present experiments were thus designed to evaluate the renal
response to an acute oral protein load in two different condi-
tions of hydration performed in the same healthy volunteers:
high and sustained hydration leading to major urinary dilution,
and low hydration which allowed maintenance of a significant
urinary concentrating activity. This study revealed several new
findings, (i) In healthy subjects, under constant, moderate
hydratation, plasma AVP increases regularly in the three hours
following the ingestion of a protein meal. (ii) A high oral
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Na excretion Cl excretion
Control 1 hr 2 hr 3 hr Control 1 hr 2 hr 3 hr Control 1 hr 2 hr 3 hr
Fig. 3. Changes in sodium, ch!oride and potassium excretion rate and fractional tubular reabsorption during control period and three post-meal
hours on HighH (0) and LowH (•) conditions (in % of control values). Differences between HighH and LowH, * P < 0.05, ** P < 0.01.
Differences between post-meal hours and control period (1st, 2nd, and 3rd hour, respectively) were as follows. UNaV in HighH: P < 0.05, P <
0.05, P <0.05. UNV in LowH: P <0.01, NS, NS. U1V in HighH: P <0.05, NS, NS. U1V in LowH: P <0.01, P < 0.05, NS. UKV in HighH:
NS, NS, P < 0.05. UKV in LowH: NS, NS, P < 0.05. FRNa in HighH: P < 0.01, NS, NS. FRNa in LowH: P < 0.05, P < 0.05, P < 0.05. FR1
in HighH: P < 0.01, P < 0.05, NS. FR1 in LowH: P < 0.05, NS, NS. FRK in HighH: NS, NS, P < 0.05.FRK in LowH: NS, P < 0.05, NS.
hydration blunts the post-prandial changes in renal hemody-
namics. (iii) Post-prandial GFR correlates positively with urine
osmolality in both LowH and I-lighH, and correlates with the
relative concentration of urea in urine with respect to plasma
and with free water reabsorption only in LowH. (iv) The level
of hydration influences the magnitude and direction of the
post-prandial changes in NaC1 and urea reabsorption.
Characteristics of the hydration protocols used in the present
study
The LowH protocol was designed to preserve a normal
urinary concentrating capacity during the test. In order to
obtain sufficient urine volumes by spontaneous voiding, the
subjects were given, however, moderate amounts of water to
drink every half hour (0.5 mI/kg), and mannitol was infused at a
low rate during the entire experiment. In HighH, the oral water
intake included a copious initial load and a tenfold greater
intake every half hour (5 mI/kg) than in the LowH condition. In
addition, although it was not necessary in this case, a mannitol
infusion identical to that given in LowH was also administered.
The two protocols thus differed only with respect to the rate of
oral water intake.
Influence of hydration on the renal response to a protein
meal
Water balance, Osm' and A v,. The widely different states
of water balance induced in our study prior to the ingestion of
the protein meal is attested by the obvious differences in V,
Uosm, and C1120 observed during the control periods. A 4.5
mOsm/kg H20 higher OSm in LowH than in HighH, mostly
accounted for by the difference in 1Na (Fig, 5) and P (104.3
0.7 in LowH vs. 102.6 0.7 mmol/liter in HighH, P < 0.05),
was accompanied by an at least twofold higher AVP' As
already described by others [10, 13], urinary flow rate dimin-
ished after the protein load, even in HighH when water intake
was maintained at a high and constant level. This decrease was
related to a fall in CH,o with an increase in Usm. It is of interest
that this tendency to increase urinary concentration was asso-
ciated with a parallel —=5 mOsm/kg H20 increase in OSm in both
states of hydration. It can be seen on Figure 5 that cumulative
changes in Urca and Na cannot account for the whole increase
lfl Osm• Thus, other osmotically active component(s) should
have increased its (their) concentration in the plasma. Most
likely, a rise in plasma amino acids is involved in the change in
Osm since, after a protein load only about half of that given
here, the plasma amino acid concentration was reported to
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Control 1 hr 2 hr 3 hr
Fig. 4. Glomerular filtration rate (GFR = inulin clearance), para-
aminohippurate clearance (PAH) and creatinine clearance during
control period and three post-meal hours on HighH (0) and LowH
condition (•). Differences between HighH and LowH: * P < 0.05.
Differences between post-meal hours and control period: P < 0.05
for GFR in LowH at two hours and for Cr in LowH at two and
three hours; P < 0.01 for Cr in HighH at three hours. All other points:
NS.
increase by 1.6 mmol/liter during the second and third hour
after the meal [12].
To our knowledge, possible alterations of AVP after a single
protein meal have not been investigated previously except in
the study of Chan eta!, in patients with glomerular disease [10].
Our study shows that, in healthy subjects, the ingestion of a
protein meal is followed by a progressive rise in AVP, almost
doubling its control level on the third hour. This rise in AVP
appears to follow the postabsorptive increase in Osm It may be
assumed that AVP would have increased even more, had the
subjects not ingested water regularly. Actually, it has been
shown that several days of high protein intake in humans [20]
and rats [21] enhances resting AVp
When the same subjects were studied in HighH condition, the
post-meal increase in 'Osm was not followed by a significant
increase in AVP Nevertheless, it may be assumed that a
progressive increase in AVp did occur in HighH. The fact that
many values of AVP during control periods in HighH were
below the detection limit of the assay and were arbitrarily taken
as 0.5 pg/mI certainly led to a substantial overestimation of
basal level and weakened the possibility to reveal small incre-
ments in AVp In addition, even a very modest, undetectable
elevation in AVP may have a significant influence on urine
volume and osmolality, especially during water diuresis, as
demonstrated recently by Andersen et al [22]. Infusion of
subnormal levels of AVP (I pg/mm/kg) in hyperhydrated men
(V 12.5 mI/mm), elicited a significant increase in U0sm from
71 5 to 115 15 mOsm/kg (+58%), a significant decrease in
V by 40%, and a decrease in Cfl,() from 9.7 1.5 to 4.8 1.4
ml/min without a detectable change in AVp
Solute excretion. The results presented in Figures 2 and 3
show that, in general, the excretion of the major solutes
increased after the meal. However, these increases seemed to
be delayed and/or blunted on LowH compared to HighH. It
*
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Control 1 hr 2 hr 3 hr
Fig. 5. Ratio of LowH over HighH data for glomerular filtration rate(-•-), para-aminohippurate clearance (-A-), and creatinine clearance
(-0-) in control period and three post-meal hours.
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appears likely that high urine flow rates permit a more rapid
increase in the excretion of several solutes after the meal.
Urea excretion (Fig. 2) increased after the meat meal to the
same extent in both conditions. However, fractional urea
reabsorption which decreased after the protein load remained
distinctly higher on LowH than on HighH during the three
hours after the protein load. As is already well known, this
result indicates that a greater amount of urea was reabsorbed in
LowH than in HighH condition and that the excretion of filtered
urea is rendered more efficient by high urine flow rates.
This study reveals an almost opposite handling of Na and Cl
in HighH and LowH (Fig. 3). Na and Cl excretions increased
and their fractional reabsorption decreased after the protein
load in HighH, whereas Na and especially Cl excretion de-
creased and their reabsorption increased in LowH. An increase
in UNaV has previously been described to occur after protein
ingestion [10, 13, 17]. If the difference in NaC1 excretion in
control period may be related to the large differences in V, the
further increase in NaCI excretion after protein meal cannot be
attributed to an increase in V, since V diminished after the
meal.
Renal hemodynamics. A main finding of this study is that the
intensity of the hyperfiltration following the meal is influenced
by the operation of the urinary concentrating process. First,
GFR increased significantly after the meal in LowH but not in
HighH. Actually, since GFR has been shown to decline after
several hours of fasting [13], the maintenance of a stable GFR
for two hours and its slight increase during the third hour in
HighH represents a modest hyperfiltration, compared to the
expected decline. Nevertheless, this also applies to LowH, and
the hemodynamic response was clearly greater in LowH than in
HighH. Second, the fact that all LowH/HighH ratios concern-
ing inulin, PAH, and creatinine clearances at all times including
control period are all above unity (Fig. 5) suggests that the
urinary concentrating activity may have a moderate but perma-
nent influence on all aspects of renal hemodynamics. This
tendency becomes transciently greater on the second post-meal
hour.
Finally, in the LowH condition, when normal urine concen-
trating activity was not abolished, significant correlations were
found between GFR and several indices reflecting the intensity
of urine concentration (Fig. 6). Although these correlations do
not establish the existence of a causal relationship, they bring
additional support to the concept that the protein-induced
changes in GFR may depend on the level of activity of the
urinary concentrating process, and especially on the extra load
of urea to excrete, and thus to concentrate, after the meal. This
dependence was already previously suggested by results ob-
served in rats after chronic high protein feeding [7, 8, 23]. The
present study suggests that this dependence (or, at least,
concomitance) also exists in humans, even after a single meal.
Contrary to C1, Ccr was found to increase slightly but
significantly in both hydration conditions, without significant
difference between the two states of hydration. In addition, Cc,.
overestimated GFR to a greater extent after than before the
meal. These results underline once more that discrepancies
between inulin and creatinine clearances, and confirms that,
after a protein meal, the elevation in C, depends not only on
the rise in GFR but also on an increase in tubular secretion of
creatinine secondary to the increase in its plasma concentration
[14, 15].
Possible mechanisms susceptible to account for the influence
of the level of hydration on the renal response to a protein
meal
Several experimental studies in rats have demonstrated a
remarkable parallelism between the changes induced in kidney
function and anatomy either by inducing a chronic stimulation
of the urine concentrating activity or by feeding a high protein
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diet [6, 7, 241. Both conditions induce a selective hypertrophy
and an increase in electrolyte transport of the medullary thick
ascending limb of Henle's loops (MTAL), the nephron segment
responsible for the active step of the urinary concentrating
iiechanism [7, 23, 25].Recently, Seney et al, using micropunc-
ture and in vivo microperfusion in rats which were previously
placed on a 6% or 40% casein diet, showed that Na and Cl
reabsorption in the loop of Henle was increased by high protein
diet and that concentrations of Na and Cl in the early distal
tubule (that is, close to the macula densa) were markedly
reduced (by 30% for Na and by 41% for CI). As a consequence,
tubuloglomerular feedback control of GFR was depressed, thus
explaining the rise in GFR [26, 27J. A subsequent study
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suggested that the enhancement of loop NaCI reabsorption may
not be a simple function of MTAL hypertrophy but seems to
precede the development of any major increase in medullary
mass [281. An increase in urea formation and excretion gener-
ally occurs after ingestion of proteins. This was the case here,
in both conditions of hydration, since both Urea and urea
excretion rose. However, in the LowH condition, the urea
reabsorption and U/P urea concentration ratio were far higher,
and a progressive rise in AVp was observed, suggesting an
increase in AVP mediated urea recycling in this condition [29].
These changes are associated with an increase in NaCl reab-
sorption. From our data, it is neither possible to discern the
exact site(s) of the nephron which is involved in the changes in
NaC1 handling nor to attribute them to the increase in urinary
concentrating activity. Vasopressin has been shown to stimu-
late electrolyte transport in the TAL directly [30]. However,
this direct effect was not found in the rabbit, canine or human
TAL [30, 31].
In summary, the present study disclosed that the level of
hydration influences the renal response to a protein meal in
different ways. High hydration blunts the post-prandial increase
in renal hemodynamics and accelerates the clearance of several
solutes including sodium, potassium, and urea. When hydration
is not raised to supraphysiological levels, the ingestion of a
protein meal induces significant increases in plasma osmolality,
plasma vasopressin concentration and in free water reabsorp-
tion. An increase in vasopressin may be one of the normal
adaptive responses of the organism after protein ingestion. It
may be assumed that the post-prandial changes in plasma
vasopressin and in renal function revealed by our study in
LowH condition are even more pronounced in normal life since
water intake is generally less frequent than in the present LowH
protocol. This should be taken into account when considering
the influence of protein intake on renal function in health and
disease.
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